The endometrium undergoes continuous repair and regeneration without scarring throughout the reproductive life of women. However, the mechanisms responsible for this complete restoration remain mostly unexplored. We hypothesized that the ischemic state and local hypoxia present after parturition may create a special microenvironment for endometrial healing, and that this ischemia might be caused by reduction in organ volume via postpartum uterine contraction. Here, we developed a mouse model using a combination of cesarean section and the administration of a beta 2 adrenergic receptor agonist (ritodrine hydrochloride) in postpartum mice that had been ovariectomized to exclude the effect of ovarian hormones. Our results revealed that transient hypoxia indeed occurred in postpartum uteri. Furthermore, we found that the number of M2 macrophages, which play a central role in wound healing, peaked on Postpartum Day 3 and gradually decreased thereafter in hypoxic injury sites. Almost concurrently, significant upregulation of vascular endothelial growth factor and transforming growth factor beta (TGFbeta) was observed. In particular, the antifibrotic factor TGFbeta3 was released during the endometrial healing process. These changes were significantly suppressed by inhibition of uterine contraction. Taken together, these results suggest that uterine contraction is essential, not only for hemostasis, but also for endometrial regeneration, leading to a process that involves the activation of macrophages, increased endometrial cell proliferation, and upregulation of nonfibrotic growth factors. This study paves the way to a novel approach for investigating the process of scarless wound healing.
INTRODUCTION
The human uterus is a dynamic organ that undergoes continuous regeneration. It changes markedly in volume during the reproductive cycle, and heals without any scar after menstruation and parturition. However, impaired healing can lead to gynecological complications, including excessive or unpredictable postpartum bleeding patterns [1] , infertility due to imperfect implantation, and placental abnormalities, such as placenta accreta [1, 2] . Therefore, early recognition and prevention of subinvolution are of importance in obstetric management. However, as it is difficult to obtain appropriate human samples, the key cellular and physiological mechanisms that contribute to endometrial healing in humans remain unknown [3] .
To understand the healing mechanisms involved, some previous studies on uterine healing have used a mouse model of hormone-induced pseudomenstruation [4, 5] . However, due to the differences in the hormonal patterns and histology between humans and mice, the findings from these studies are less likely to be applicable to humans. Moreover, although sex steroid hormones play important roles in the physiological and pathological aspects of wound healing [3, 6, 7] , it should be noted that the endometrium stops bleeding and heals even in the absence of all hormonal support. This indicates that other wound healing mechanisms, supported by factors other than sex hormones, are likely to be operative in the endometrium.
Hypoxia facilitates accumulation of inflammatory leukocytes and macrophages, which may assist in guarding against invading pathogens and regulating normal cell proliferation and tissue remodeling. The presence of hypoxia is prominent in the development of a variety of pathological conditions [8, 9] in various biological environments, such as inflamed tissue, healing wounds, and sites of bacterial infection [10] , as well as in endometrial tissue [11] . Hypoxia occurs in the endometrium during various phases of the reproductive cycle and pregnancy, playing a role in defense against bacteria and occurring during trophoblast invasion and the differentiation stages leading to implantation [11] . Although it is known that local hypoxia is an important regulator of endometrial angiogenesis and remodeling [3, 12, 13] , its significance in endometrial healing in vivo has not yet been investigated directly.
We hypothesized that the ischemic state and local hypoxia present in the endometrium due to myometrial contraction after parturition may create a special microenvironment for endometrial healing. If so, this ischemia might be caused by reduction in organ volume due to uterine contraction. Thus, in this study, we established a new experimental model using postpartum mice, which possess the same hemochorial type of placenta as humans. The local microenvironment was first analyzed to assess the hypoxic state and the healing process. The effects of uterine contractions were examined by treating the mice with an anticontractile reagent, viz., a b-2 adrenergic receptor agonist (ritodrine hydrochloride).
MATERIALS AND METHODS

Mice
In this study, we used first-time pregnant nulliparous female ICR mice, aged 8-10 wk, which were purchased from Japan SLC Inc. (Shizuoka, Japan).
All animal experiments were approved by the Animal Experiment Committee, Tokyo Women's Medical University (TWMU). Experiments were performed in accordance with the legislation of the Institute of Laboratory Animals for Animal Experimentation at TWMU.
All animals were allowed free access to food and water and were exposed to a standardized 12L:12D day/night light cycle throughout the course of the experiments. The stage of the estrous cycle was determined by the appearance of the vaginal smear [14] . The animals in the estrous stage were mated with fertile males of the same strain to induce pregnancy. The females were then examined for the presence of a vaginal plug, which was used to confirm mating. The day on which a plug was detected was considered as Gestational Day 1.
Surgical Procedures
On Days 18-19 of gestation, mice were anesthetized by an intramuscular injection of a mixture of ketamine (87 mg/kg body weight) and xylazine (13 mg/kg body weight). Cesarean section (CS) was performed under sterile conditions. Once the abdomen was opened, a 1.5-cm longitudinal incision was made along the antimesometrial border in the lower portion of each uterine horn. The fetuses and placenta were extruded spontaneously through hysterotomy. The uterine incision was closed with a ''one-layer closure'' technique with a simple stitch using 6-0 nylon sutures (Niccho Kogyo, Tokyo, Japan). Both ovaries were also removed in order to eliminate the effects of ovarian hormones.
To determine the effects of uterine contraction on endometrial healing, the mice were treated with either saline (group A, n ¼ 60) or a b-2 adrenergic receptor agonist, ritodrine hydrochloride (Utemerin; Kissei Pharmaceutical, Matsumoto, Japan; group B, n ¼ 60), which was introduced with an osmotic minipump (Alzet, Palo Alto, CA), via the back. The dose of ritodrine hydrochloride did not exceed the maximum dose necessary to inhibit human uterine contraction [15, 16] . The animals were maintained till use in the Animal Care Unit at TWMU, as described above, for 1, 2, 3, 5, 7, 10, or 14 days after delivery.
Labeling of Blood Vessels with Tomato Lectin for ThreeDimentional Imaging
To identify blood vessels, we used intravascular perfusion of fluorescent tomato lectin. Tomato lectin binds uniformly to the luminal surface of endothelial cells and labels all vessels that have a constant blood supply. Briefly, under anesthesia, mice were injected intravenously (i.v.) with 100 ll of FITC-conjugated tomato lectin (Lycopersicon esculentum lectin, 1 mg/ml; Vector Labs, Burlingame, CA) 10 min before perfusion [17] [18] [19] . After perfusion, the tissues were processed for subsequent analyses as described in the following sections.
Labeling of Hypoxic Cells with Hypoxyprobe-1
Activated hydrochloride salt of pimonidazole forms adducts with proteins in hypoxic mammalian cells when the partial pressure of oxygen falls below 10 mm Hg; these adducts are used as a marker of hypoxia [20] . For these experiments, mice were injected i.v. with pimonidazole hydrochloride (60 mg/ kg body weight) 90 min before being killed at the various times indicated. The adducts formed (Hypoxyprobe) were then detected using specific antibodies against pimonidazole adducts (NPI, Inc., Burlington, MA).
Labeling of Dividing Cells with Bromodeoxyuridine
Bromodeoxyuridine (BrdU; 40-50 mg/kg body weight; Sigma, St. Louis, MO), a marker for DNA synthesis and cell division, was injected i.v. into mice 60 min before they were killed [21] at the indicated times.
Tissue Preparation
The chest was opened under deep anesthesia, and the aorta was perfused for 10 min with 4% paraformaldehyde in phosphate-buffered saline at a pressure of 120 mm Hg, using an 18-gauge cannula inserted via the left ventricle. Blood and fixative were flushed out through an opening in the right atrium.
After perfusion, tissues, including the detached placenta, were removed, cut into small pieces, and rinsed with PBS. For cryosectioning, the tissues were immersed in a graded series of sucrose in PBS (up to 30%) at 48C overnight. Subsequently, these tissues were embedded in Tissue-Tek OCT compound (Sakura Finetek, Torrance, CA) and snap frozen in liquid nitrogen. Cryosections (4-to 14-lm thickness) were made on silane-coated glass slides and dried in air for at least 2 h.
For paraffin sections, the tissues were embedded in paraffin after sequential dehydration in a graded ethanol series and 4-lm-thick sections prepared.
To obtain semithin Epon-embedded sections, tissues were excised, cut into small blocks, and fixed by immersion in 2% glutaraldehyde in 0.1 M phosphate buffer (PB; pH 7.2) at 48C for 24 h. After washing out the fixatives with 0.1 M PB, the blocks were treated with 1% osmium tetroxide (O S O 4 ) in 0.1 M PB (a mixture of 4 ml 2% OsO 4 and 4 ml 0.2 M PB). The tissues were dehydrated in a graded series of ethanol concentrations, infiltrated with propylene oxide, and embedded in Epon. Semithin sections (0.5 lm) were made and stained with 1% toluidine blue in PBS.
Immunohistological Procedures
Immunofluorescence staining. Cryosections were first incubated in 5% Block Ace (Dainippon Seiyaku, Osaka, Japan) to eliminate nonspecific staining, and were successively incubated at 48C overnight with various primary antibodies (alone or in combination) in PBS containing 1% bovine serum albumin (Sigma). TGFb3 was detected using a rabbit polyclonal antibody (1:100, ab15537; Abcam, Tokyo, Japan). M2 macrophages were identified with antibodies against F4/80 (1:100, MCA497R; AbD, Oxford, UK) and arginase 1 (1:200, GTX109242; Gene Tex Inc., CA). After the specimens were washed several times with PBS, they were incubated with combinations of fluorescent (FITC, Cy3, or Cy5)-conjugated anti-rabbit or anti-rat secondary antibodies (1:200; Jackson ImmunoResearch, West Grove, PA) for 1 h at room temperature (RT). Immunostained sections were examined using a Leica TCS-SL confocal laser-scanning microscope (Leica Microsystems, Wetzlar, Germany). Negative controls, in which PBS was substituted for primary antibodies, were included for each tissue section. For morphological examination, sections were routinely stained with hematoxylin-eosin according to standard procedures.
Triple immunostaining. For BrdU þ cell detection, triple immunostaining of fresh cryosections for type IV collagen and BrdU was performed, as described elsewhere [21, 22] . Briefly, fresh frozen sections, 4 lm in thickness, were incubated with a primary anti-F4/80 antibody at 48C overnight, rinsed with PBS, and incubated with alkaline phosphatase-conjugated secondary antibody for 1 h at RT. Bound alkaline phosphatase was visualized with a Vector Blue substrate kit (Vector Labs). The sections were then incubated with an anti-type IV collagen antibody (1:40; LB10043, CosmoBio, Tokyo, Japan) for 1 h at RT, rinsed with PBS, and incubated with a peroxidase-conjugated donkey anti-rabbit IgG for 1 h at RT. Bound peroxidase was visualized with the help of diaminobenzidine (DAB; Vector Labs). BrdU staining was performed by the indirect immuno-ALP technique using a New Fuchsin substrate system (DAKO, Glostrup, Denmark). Immunostained sections were examined with an optical microscope.
Detection of hypoxic cells. Paraffin-embedded tissue sections were deparaffinized with xylene and treated with a graded series of ethanol concentrations. Deparaffinized sections were heated in citrate buffer (Real Target Retrieval solution; DAKO) at 908C for 10 min in a microwave oven and incubated with a rabbit anti-pimonidazole (1:600) antibody overnight at 48C. After several washes with PBS, sections were incubated with peroxidaseconjugated donkey anti-rabbit IgG (1:200) or Cy 5 for 1 h at RT. Bound peroxidase was visualized with DAB. All sections were counterstained with Mayer's hematoxylin, dehydrated, and mounted with Eukitt (Sigma). Primary antibodies were substituted with PBS in negative controls.
Detection of proliferating cells. To count proliferating macrophages, the number of F4/80
þ BrdU þ cells were counted in 10 random fields under 3600 magnification. These data were analyzed using a BZ-Analyzer (KEYENCE, Osaka, Japan).
Acid phosphatase staining. Deparaffinized sections were reacted with acid phosphatase (AcP) marker enzyme using an AcP Stain Kit (Mutoh Pure Chemicals Co., Tokyo, Japan) according to the manufacturer's instructions.
Quantitative Real-Time RT-PCR
Total RNA was extracted from postpartum uteri at various times after CS using a Direct-zol RNA Mini Prep kit (Zymo Research Co., CA). First-strand cDNA was synthesized using the Super Script VILO Master Mix (Invitrogen, NY). Quantitative real-time PCR was performed using a Step One real-time PCR system (Invitrogen) according to the manufacturer's instructions. PCR thermal cycling conditions consisted of an initial denaturation step at 958C for 10 min, followed by 40 cycles of two sequential steps, viz., 15 sec at 958C, and 1 min at 608C. Relative mRNA levels of target genes were normalized with respect to the level of hypoxanthine phosphoribosyltransferase mRNA, which was used as the internal control. The following primer pairs were used: mouse 
Statistical Analysis
All results have been expressed as means 6 SD. The statistical significance of differences was determined by performing the Dunnett test; differences were considered statistically significant when P values were less than 0.05 and highly significant if the P value was less than 0.01. Statistical analyses were conducted with JMP 11 (SAS Institute Inc., Cary, NC).
RESULTS
Rapid Restoration Caused by Myometrial Contraction in Postpartum Uteri
We first assessed the normal pattern of macroscopic changes in postpartum uteri (Fig. 1) . Strong myometrial contraction, as recognized by slit-like folds on the uterine surface, was seen until Day 5 (D5; Fig. 1, a-c) . The luminal surface was folded and thick due to the contraction until D3 (Fig. 1, d and e) , but was restored to a mostly smooth and flat appearance by D5 (Fig. 1f) .
To characterize the morphological changes and effects of myometrial contraction in postpartum uteri, the size of uteri was measured in our original mouse model. The size of uteri assessed by the ratio of total area of uterine cross section in group A, in which mice were treated with saline, was significantly smaller than that of mice in group B, which had been treated with ritodrine (Fig. 2) . On D1, the size of uteri in group B was almost twice that in group A. In both groups, the daily rates of involution increased significantly until D2 (P , 0.01). Uteri from group A, however, took about 10 days to return to their prepregnant size, whereas it took 14 days in uteri from group B. 
FIG. 2.
Rates of size recovery of postpartum uteri due to myometrial contraction. Group A: sham-operated mice, with a mini osmotic pump for administration of saline after CS. Group B: mice continuously treated with ritodrine (10 mg/ml) after CS. The total areas of the cross-section, including the lumen space, of postpartum uteri in group A (open circles) and group B (closed circles) mice were compared with those of nonpregnant uteri (n ¼ 8; mean value was scored as 1). In both groups, the rate of change in volume was significant until D2. In group A mice, the uterus returned almost to its prepregnancy volume by D10, whereas this was only attained at D14 in the uteri of group B mice (n ¼ 5-8 mice in each column). *P , 0.05. Data are presented as means 6 SD. 
Effect of Myometrial Contraction on Tissue Regeneration and Local Microcirculation in Postpartum Uteri
Next, we investigated the effect of myometrial contraction on the general tissue repair process and also on the local microcirculation in postpartum uteri. Massive hemorrhage and fibrin deposits were seen on D1 in both group A (Fig. 3a) and group B (Fig. 3g) ; in group A on D3, however, the areas of fibrin deposits decreased in accordance with the increase in inflammatory cell infiltration (Fig. 3b) , and these deposits were gradually replaced by restoring smooth muscle fibers on D5 (Fig. 3c) . In contrast, in group B, the areas of fibrin deposits had increased by D3 (Fig. 3h) and were still present by D5, without smooth muscle cell regeneration (Fig. 3i) , indicating a delay in tissue repair and the absorption of infiltrated cells.
To characterize the local microcirculation in postpartum uteri, FITC-labeled tomato lectin was administered to each group of mice from D1 to D5 (group A- Fig. 3, d-f; group B- Fig. 3, j-l) . On D1, massive leakage of the injected lectin, toward the luminal side of the uterus, as well as enlarged blood vessels were observed in both groups (Fig. 3, d and j) . A much greater leakage was observed at the endometrial defect in group B (Fig. 3j ) than in group A (Fig. 3d) . On D3, the leakage of lectin from the severed ends of vessels had virtually ceased in both groups (Fig. 3, e and k) . However, in group B, the extravasated lectin was widespread, and remained around the epithelial defects and interstitially on D3 (Fig. 3k) . A large amount of extravasated lectin remained in and around the endometrial defects until D5 in group B (Fig. 3l) , whereas little or no extravasation was present in group A (Fig. 3f) .
Relationship Between Uterine Contraction and Local Hypoxia
We examined the relationship between myometrial contraction and local hypoxia in postpartum uteri. We detected the hypoxia invoked during endometrial repair by pimonidazole immunostaining. In group A, pimonidazole was detected diffusely in the endometrium and myometrium until D3, indicating diffuse hypoxia with variable oxygen concentrations (Fig. 4, a and c) . In contrast, focal staining in the epithelium and interstitium, immediately beneath the epithelium, was observed in group B (Fig. 4, b and d) . On D5, epithelial cells were discontinuously positive for pimonidazole in group A (Fig. 4e) , whereas all epithelial cells were positive for pimonidazole in group B (Fig. 4f) . On D7, the immunostaining pattern returned to the prepregnant patterns in both groups (Fig.  4, g and h) .
Involvement of M2 Macrophages in Endometrial Repair
To understand the possible mechanism for the earlier and scarless healing in group A, we investigated the cellular involvement in postpartum uteri using multiple immunostainings for various markers in order to differentiate the infiltrating cells. Cryosections of postpartum uteri from group A were triple immunostained for F4/80, type IV collagen, and BrdU (Fig. 5 ) from D1 to D7. During endometrial regeneration, aside from BrdU þ epithelial cells and interstitial fibroblasts, we observed a temporary appearance of F4/80 þ macrophages in 3 that on D3, the leakage of lectin from the severed ends of blood vessel have ceased virtually completely in both groups; however, the extravasated lectin remains both around the epithelial defect and in the interstitium in group B (k). On D5, in group A, no extravasated lectin can be seen in the interstitium (f). In group B, however, extravasated lectin is still observed interstitially (l). Asterisks indicate hemorrhages and fibrin deposits. White arrowheads indicate the extravasation of FITC-labeled tomato lectin. Bars ¼ 50 lm (a-l). In group A, pimonidazole þ cells were observed focally in the endometrial epithelium, interstitium, and myometrium on D1 (a). Subsequently, the hypoxia spread virtually throughout the endometrium and became most prominent on D3 (c), after which the hypoxic cells decreased gradually until D7 (e, g). On D7, the pimonidazole þ cells were only seen in the endometrial epithelium (g). In contrast, in group B, the pimonidazole 
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and around fibrin deposits (Fig. 5) . Until D3, a large number of macrophages appeared diffusely throughout the endometrium, both in foci of endometrial defects and in the interstitium beneath the intact epithelium. Concurrently, the number of BrdU þ cells increased in the interstitium (Fig. 5, a and b) . On D5, F4/80 þ macrophages gradually accumulated at the fibrin deposits (Fig. 5c) , and then diminished in accordance with the decrease in the interstitial fibrin deposits by D7 (Fig. 5d) . Epithelial cells became positive for BrdU and commenced proliferation on D5, which was later than in the endometrium.
Acute involvement of macrophages in the endometrium was observed until D3; therefore, we further characterized these macrophages in the endometrial defects on D3. Semithin sections (Fig. 6a) and AcP staining (Fig. 6b) showed that the macrophages that had migrated to the healing sites contained abundant lysosomes in their cytoplasm, indicating that they were active phagocytes. These phagocytes were F4/80 þ and were also positive for arginase-1, a marker for M2 macrophages [23, 24] (Fig. 6c) , and TGFb3 (Fig. 6d) . Furthermore, the F4/80 þ macrophages in the endometrial defect foci were positive for the hypoxic marker pimonidazole (Fig. 6e) . 
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Involution Induces Upregulation of Vegfa, Tgfb1, and Tgfb3
To explain the cellular involvement at the molecular level, we semiquantitatively established mRNA levels of some major tissue growth factors related to tissue repair. As shown in Figure 7a , the Vegfa mRNA levels in uteri in group A peaked on D2. In contrast, in group B, no significant difference was observed in Vegfa levels throughout the postpartum period from D1 to D3. In addition, a trend toward an increase in Tgfb1 expression was observed on D2 in group A, but no significant change in Tgfb1 expression was observed in group B (Fig. 7b) . Tgfb3 expression increased significantly following delivery in group A, whereas no significant change was seen in Tgfb3 in group B (Fig. 7c) . The ratio of Tgfb3 to Tgfb1 was also significantly increased and peaked on D3 in group A, but no significant change was seen in group B (Fig. 7d) .
DISCUSSION
In the present study, we have established an experimental animal model to prove our hypothesis that uterine contraction evokes ischemia and that the ensuing local hypoxia creates a special microenvironment that promotes scarless healing in the endometrium. By controlling uterine contraction with a tocolytic agent, ritodrine hydrochloride, which is a b2 adrenergic receptor agonist that is used clinically for smooth muscle relaxation, we found that postpartum uterine contraction caused not only hemostasis, but also transient hypoxia. This further induced the temporary appearance of M2 macrophages at the cellular level and an increase in Vegfa, Tgfb1, and Tgfb3 at the molecular level. We therefore suggest that the cellular and molecular effects associated with myometrial contraction may be responsible for the unique healing mechanism underlying the rapid, cyclic, and scarless endometrial regeneration in the uterus. This is supported by several lines of evidence, as expounded below.
First, the degree of both postpartum uterine contraction and hypoxia (peaking on D3) correlated with the local changes in microcirculation and fibrin deposits (peaking on D3) in and around the lesions. The local microcirculation had returned to virtually normal by D5, without evidence of extravasated lectin. Furthermore, the early blood cell debris and fibrin deposits were rapidly disappearing by D5. In contrast, the absorption of infiltrated cells was delayed in accordance with the delay in the recovery rate of postpartum uterine volume due to the use of the anticontractile agent. Given that the leakage of lectin from the severed ends of blood vessels ceased by D3 in both groups, ritodrine appears to have very little, if any, influence on dilation of uterine blood vessels.
Second, the observed local tissue changes are related to cellular mechanisms responsible for tissue repair and regeneration. Our results revealed that the temporary appearance of F4/ 80 þ macrophages may be responsible for wound healing in the UTERINE CONTRACTION AND ENDOMETRIAL REGENERATION uterus. We found marked and rapid infiltration of macrophages into the healing endometrium, and their appearance was limited to D1-D5, in accordance with the presence of local hemorrhage and fibrin deposits. Furthermore, we found that macrophages are responsible for healing in the postpartum uterus, which may be similar to the process of general wound healing [25] . It has been reported that, under hypoxic conditions, macrophages are recruited rapidly to wounds to FIG. 7. Expression of some major tissue growth factors related to tissue repair. a-c) Expression of Vegfa, Tgfb1, and Tgfb3 mRNA, shown as fold increases compared to the control, viz., untreated samples, after normalization to the expression of hypoxanthine phosphoribosyltransferase (Hprt). a) Vegfa levels peaked on D2 in group A (P , 0.05). In contrast, in group B, no significant change was seen in Vegfa levels over a period of 3 days. b) In both groups, a trend toward an increase in Tgfb1 expression was observed, but significant changes were seen only in group A, and not in group B. c) A significant increase in Tgfb3 expression was only seen in group A, but not in group B. d) The ratio of Tgfb3 to Tgfb1 expression levels. A significant increase (P , 0.01) in this ratio was observed on D3 in group A. *P , 0.05, **P , 0.01. Data presented are means 6 SD.
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remove cellular debris, repair the tissue in the area of the lesion [10] , and to perform important activities and regulatory functions in all tissues. M1 and M2 macrophages have distinct appearances and cell surface phenotypes [26] . It has been reported that M1 cells comprise immune effector cells with an acute inflammatory phenotype against bacteria, for host defense, and that M2 cells regulate the maintenance of tolerance and tissue repair. In this study, we demonstrate that M2 macrophages, as recognized by positivity for arginase-1, a nitric oxide-inhibiting enzyme that has been implicated in the wound healing response [27] , play the predominant role in the postpartum uterine healing process. Macrophages are also known to accumulate in large numbers in ischemic/hypoxic sites, with a rapid response to hypoxia involving alteration of their expression of a wide array of genes [10] . Our results of double-positive staining for F4/80 and pimonidazole concur with the biological features of macrophages described above. Finally, the local tissue changes observed are also related to some molecular mechanisms responsible for tissue repair and regeneration. The results of our study implicated at least two major growth factors. First, Vegf mRNA levels were found to be upregulated on D2, which may cause active regeneration of the local microcirculation on D3-D5 via angiogenesis. Second, TGFb3 [28, 29] belongs to one of the most complex groups of cytokines, with widespread effects on many aspects of growth and development, inflammation, and repair. TGFb1 is a pleiotropic factor that is important in stimulating wound contraction and acts as a chemoattractant for monocytes, macrophages, and fibroblasts; TGFb3 is not present in large amounts in either fluids or tissues [30] . O'Kane and Ferguson [31] reported that there are major differences in the TGF isoforms present in embryonic and adult wounds. Skin wounds on mammalian embryos, which heal perfectly without scars, exhibit low levels of TGFb1 and very high levels of TGFb3 [28, 29] . TGFb3 stimulates fibroblast cell migration into healing wounds, resulting in marked improvement or absence of scarring. TGFb1 is considered to be a scar formation molecule, while TGFb3 is considered an antifibrotic molecule. Our results show that the level of TGFb3 is the key modulator in the scarless healing of the endometrium, although there may be other biological factors involved in the uterine regeneration mechanism.
In the present study, we have proven our hypothesis that uterine contractility promotes its scar-less regeneration with remarkable speed. To understand the mechanisms underlying endometrial healing, aside from the influences of ovarian hormones, we set out to characterize the process using a different experimental model from that conventionally used, viz., hormone-induced pseudomenstruation [4] . Our animal model overcame the difficulties encountered in obtaining appropriate samples and the lack of convenient models for elucidating the mechanism of endometrial healing. Understanding the normal endometrial healing process should provide greater insight into several gynecological complications, such as abnormal postpartum hemorrhage, imperfect implantation, and placental abnormalities resulting from endometrial defects caused by inadequate repair. Although we focused on the endometrium in this study, our model should allow comparison of the characteristics of endometrial healing with those of general wound healing, and should be useful in prevention and treatment for not only gynecological complications, but also for various healing disorders involving other tissues.
